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EEL 3705, Digital Logic Design, Spring 2007
Midterm Exam #2
Instructions:  The midterm has 3 problems, each worth 34 points, for a total number of possible points of 102.  Your raw points will also be used as your percentage grade, so the maximum possible grade is 102%.  The exam is open book, open notes.  You may use a calculator for routine arithmetic or to check your answers, but for full credit, you must show your work for number conversions.
Midterm Exam #1 will cover the following Course Instructional Objectives (CIOs):

Problem 1: CIO #2. [2sComp] 
Solve arithmetic equations in two’s complement and interpret results regarding overflow conditions.
Problem 2: CIO #6. [ALU] 
Analyze and design arithmetic logic units and describe the associated control signals.

Problem 3: CIO #7. [LatchFF] 
Analyze characteristic tables and timing diagram of D latches and D flip-flops.

Your grades:
Problem #1. (CIO #2, 2sComp) [34 points]:


________ / 34

Problem #2. (CIO #6, ALU) [34 points]:


________ / 34

Problem #3. (CIO #7, LatchFF) [34 points]:


________ / 34






TOTAL SCORE:
________/102
Problem #1.  (CIO #2, 2sComp) [34 pts.]  
_______ / 34

Consider the following two sequences of 8 bits:


x =
10110001


y =
11010100

a) If a two’s complement signed number representation is being used, what number is represented by each of the above bit sequences?  Give your answer in ordinary decimal with a ± sign.  Show the hand-calculations used to determine the answer.

b) Compute the sum x + y by hand in binary.  Both inputs and the result should be interpreted in 8-bit, two’s complement signed number representation.  Check your result in decimal.  Is there a signed overflow?  Explain how you know.
c) Compute the difference x − y by hand in binary.  Both inputs and the result should be interpreted in 8-bit, two’s complement signed number representation.  Check your result in decimal.  Is there a signed overflow?  Explain how you know.
Problem #2.  (CIO #6, ALU) [34 pts.]: 
_______ / 34

Using a modular design style exhibiting design reuse, design and draw the top-level schematic for a 2-input, 4-bit wide ALU that can compute any of the following functions of its two 4-bit-wide inputs a and b:  

(a,      −b,      b ( a,      a ( b,      a & b,      a | b,      ~(a&b),      ~(a|b).
[image: image4.wmf]Q

Here, + and − denote two’s complement addition and negation/subtraction, and ~,&,| denote bitwise logical NOT, AND, and OR, respectively (as they do in the C language).   In your design, you can should use standard icons for adders, multiplexers, and logic gates of any width as desired – you don’t have to show how to design them.  Just design your top-level ALU schematic.  But, please keep your design simple, try to reuse entities and components wherever it is straightforward to do so, use standard-looking icons for all components, number the inputs of all multiplexers, and indicate the width of all busses using notation like             .   Also, write a function table showing how each combination of the control bits is interpreted.
(This page is extra space, if needed, for finishing your answer to problem #2.)
Problem #3 (CIO #7, LatchFF) [34 pts.]:
________ / 34

Consider the following implementation of a D latch:
[image: image5.wmf]Q


(a) [10 points] Fill in the following characteristic table or “excitation table” describing the behavior of this D latch, including the internal nodes shown.  Fill in both the full table using 0’s and 1’s, and the simplified table using variables and don’t-cares.  NOTE: Be sure that the values you fill in under the “Latch Outputs” columns are the final values, after all changes have propagated throughout the circuit, and all nodes have settled down.
Full table:

	Latch Inputs
	Internal Nodes
	Latch Outputs

	C
	D
	Q (old)
	S
	R
	
[image: image1.wmf]*

Q

(new)
	Q* (new)

	0
	0
	0
	0
	0
	1
	0

	0
	0
	1
	0
	1
	0
	1

	0
	1
	0
	0
	0
	1
	0

	0
	1
	1
	0
	1
	0
	1

	1
	0
	0
	0
	0
	1
	0

	1
	0
	1
	0
	0
	1
	0

	1
	1
	0
	1
	0
	0
	1

	1
	1
	1
	1
	0
	0
	1


Simplified table (use variables and don’t-cares as appropriate):

	Latch Inputs
	Internal Nodes
	Latch Outputs

	C
	D
	Q (old)
	CD
	
[image: image2.wmf]CD
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Q

(new)
	Q* (new)

	0
	0
	0
	0
	0
	1
	0

	0
	0
	1
	0
	1
	0
	1


(b) [5 points] Is this particular D latch disabled (i.e., held, latched) when the clock input is high, or when it is low?  

(Problem 3 is continued on the next page…)

(Problem 3 continued…)

(c) [15 points] Assuming that the propagation delay of NOT is 1 ns, AND 3 ns, and NOR 2 ns, and treating all signals as having zero rise and fall times for simplicity, sketch a timing diagram showing this latch’s behavior if initially (at t=0) all nodes are settled down in a state where Q=0, C=0, and D=1; and then, at t = 1 ns, C goes to 1.  Please clearly label the time points at which all logic transitions occur.
(d) [5 points] Based on your timing diagram, what is the clock-to-Q output delay (time from C changing to Q changing) for this particular latch after a rising clock edge?
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